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Summary 
Wheat is grown on about 18 million hectares in the South-West Agricultural Region of 
Western Australia from north and east of Geraldton to Esperance in the south-east. 
Yields are frequently constrained by a range of soil factors. 
This report uses existing conventional soil-landscape mapping to analyse the effects 
of 17 known soil constraints that limit crop production and roughly prioritises the 
areas where they occur. 
Traditional land capability maps are prepared using a most-limiting factor approach, 
which assumes that ameliorating the most limiting constraint will result in a yield 
increase until the next most-limiting constraint is reached. Where there are few (1–3) 
overlapping soil constraints, regional-scale mapping — as used for this report — 
identifies land where spending time and money to ameliorate these constraints may 
be cost-effective in increasing economic returns because there is some yield benefit 
before the next constraint is reached. When many (>3) overlapping constraints occur, 
the returns from fixing one constraint may not be economic, due to the yield-limiting 
effects of the other constraints. 
Information provided in this report is suitable for regional-, local- and catchment-scale 
planning. It uses unmapped proportionally allocated land units within map units. 
Where a land manager can identify these unmapped land units, it should be a 
reasonable starting point for farm-scale planning. At the very least, it prioritises likely 
constraints to be explored.  
Table 1 summarises the area of each of the 17 constraints and where that constraint 
is one of few (1–3) on a given piece of land. The table also includes the area of non-
cropping land: swamps, stream channels, salt scalds, rock outcrop and steep land. 
There is generally a large difference between the total area of a constraint, which 
includes land with many soil constraints, and the subset of the total, where a 
constraint is one of few (1–3), which is the land where amelioration is likely to 
improve yields. 
Based on regional-scale information, it was concluded that: 
• More than 2.2 million hectares (ha) are subject to many (>3) constraints, and 
1.6 million hectares are not suitable for cropping. 
• The predicted areas where subsurface acidity and subsoil compaction are one of 
few (1–3) constraints are large, and likely to extend over more than 
5 million hectares. 
• Water repellence, surface salinity, subsoil alkalinity, low soil water storage, topsoil 
acidity and physical crop-rooting depth each restrict yield over at least 
1 million hectares. 
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Table 1 Total area of each constraint, and where it is one of few (1–3) constraints 
(listed by diminishing area of the latter) 
Total of crop zone (ha) 
Total area of 
constraint  
(ha and %) 
Area where it is 
one of few (1–3) 
constraints  
(ha and %) 
Subsoil acidity (pHw <5.6 at 15–
25cm) 
12 626 551 (67%) 7 668 264 (41%) 
Subsurface compaction susceptibility 
(moderate or high) 
13 196 291 (70%) 5 751 448 (31%) 
Water repellence susceptibility  
(moderate or high) 
9 862 516 (53%) 2 563 148 (14%) 
Many (>3) constraints 2 202 835 (12%) no data 
Surface salinity (>200mS/m) 4 644 447 (25%) 1 911 309 (10%) 
Subsoil alkalinity (pHw >8 at 50–
80cm) 
3 925 586 (21%) 1 680 790 (9%) 
Non-cropping area (very low 
productivity) 
n/a 1 613 721 (9%) 
Soil water storage (<70mm/m) 6 187 314 (33%) 1 577 919 (8%) 
Topsoil acidity (pHw <5.6) 8 961 279 (48%) 1 385 419 (7%) 
Physical crop-rooting depth (<30cm) 3 288 024 (18%) 1 078 258 (6%) 
Workability (fair to very poor) 2 434 716 (13%) 809 752 (4%) 
Permeability (>130mm/h) 1 241 402 (7%) 783 397 (4%) 
Wind erosion hazard (high to 
extreme) 
5 967 665 (32%) 538 399 (3%) 
Surface soil structure decline 
susceptibility (moderate or high) 
7 105 642 (38%) 343 812 (2%) 
Flood hazard (moderate or high) 376 887 (2%) 263 710 (1%) 
Water erosion hazard (moderate to 
extreme) 
2 220 840 (12%) 187 445 (1%) 
Waterlogging/inundation risk 
(moderate to very high) 
2 141 774 (11%) 178 793 (1%) 
Boron toxicity susceptibility (moderate 
or high) 
4 188 797 (22%) 0 
Inherent fertility (very low) 1 294 295 (7%) 0 
Note: The areas of each constraint are not mutually exclusive. Because we are 
looking at land with few (1–3) constraints there is some overlap between yield-
limiting constraints. Constraints are described in van Gool et al. 2005. 
vii 
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1 Introduction 
Large areas of cropping land have many soil and subsoil constraints. Hence, if you 
treat one constraint, yield benefits may be limited by others. This report provides an 
analysis using existing regional-scale soil-landscape mapping (Department of 
Agriculture and Food, Western Australia [DAFWA] 2015) to identify land where a 
significant yield response to amelioration is likely. 
Traditional land capability maps are prepared using a most-limiting factor approach 
applied to conventional soil survey mapping. One output for a capability map is the 
limitations that restrict the rating, or the yield, for a given land unit. Hence, by 
addressing the most limiting constraints, a yield increase is expected until the next 
most limiting constraint is reached. 
This analysis was developed from land capability style, worst limiting factor tables. It 
builds on earlier work by van Gool (2011) that reported wheat yield constraints at a 
local government level in an attempt to prioritise where research or extension 
activities on soil constraints are likely to be profitable. 
Land with few constraints and land with many constraints can be considered in a 
systematic way. For this report, ‘greater than three’ (>3) was selected to identify land 
with many constraints. Using regional-scale mapping, insufficient land is selected if 
land with more than one constraint is selected. This will allow estimates to be made 
of likely costs compared with returns on an area of land, rather than just looking at 
constraints individually. For example, it is not worth liming acidic soils where the soil 
is a salt scald, is only a few centimetres deep, or has other properties that also 
severely limit yield. 
The broad soil types in this report are used in the Report card on sustainable natural 
resource use in agriculture (DAFWA 2013), where they are referred to as Ag Soils. 
Summarised soil information is available from MySoil. 
1.1 Summary of steps required 
Step 1: Create a productivity map 
Land capability maps include both production and environmental degradation factors 
(van Gool et al. 2005). The first step is to prepare a production-focused land 
capability style ratings table and map by omitting or altering those that are mainly 
degradation factors. For example, wind erosion results in a gradual decline in topsoil 
fertility, but it can also directly damage plants through sand blasting. However, 
because sand blasting can be managed, it could be argued that it may be rated less 
harshly on a production-focused map. This map differs from a capability map in the 
following ways: 
• Some land degradation constraints are not included (e.g. phosphorus export 
hazard), or are rated much less harshly (e.g. shallow rooting depth is ranked as 
fair productivity, but is usually very low for land capability). 
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• The map was ‘scaled’ from most productive to least productive land in the South-
West Agricultural Region so that initially there was some land in all productivity 
classes. For example, in the south-west, the highest capability classes for 
cropping (1 and 2) rarely occur because there are always some constraints, for 
example, see the Natural resource information portal (NRInfo 2016). The 
distribution of land was adjusted. For example, reviewers found that the area of 
land prone to waterlogging was initially underestimated. Various changes meant 
that the higher productivity land areas were reduced. 
Step 2: Identify duplex soils on productive land only 
Duplex soils represent a major class with unique and variable management that is 
strongly influenced by seasonal rainfall and variable soil water conditions (either 
beneficial or waterlogging). For the duplex selections, see Appendix C. This step 
creates two additional classes of land (see Table 2.2.1 and Figure 3.1). 
Step 3: Group similar production constraints within the database 
For example, surface salinity and salinity hazard are treated similarly (see Appendix 
A). Not all constraints are explicitly soil constraints. For example, landscape is 
factored into erosion risk ratings. Erosion reduces fertility in the long term, but it can 
also result in direct damage and production costs. Workability is given as a constraint 
as it includes the ability to cultivate the soil. Cultivation on slopes, stones and heavy 
clay soils increase production costs. 
Step 4: Prepare summaries of constraints for every land unit within each map 
unit 
Amalgamate soil groups into broad soil types that tend to be managed similarly (see 
Appendix A). 
Step 5: Summarise land units that have few (1–3) constraints – where 
amelioration is likely to result in significant yield benefits 
Few (1–3) constraints were determined via sensitivity checks of the mapping. Initially, 
insufficient land was selected that had many (>3) constraints, as constraints are 
spread across five productivity classes. This did not accord with expert opinion, 
hence the rule was modified to widen the selection to include land in adjacent 
classes. Adjacent productivity classes were combined for identifying land with many 
(>3) constraints, for example: very high and high, high and fair, and fair and low 
productivity constraints. The overlap between land classes was deliberate. The very 
low productivity class was considered non-cropping land. This appeared to be a 
reasonable compromise using the wheat productivity table, to account for uncertainty 
in the mapping and the rating table and to account for land across multiple mapping 
scales (van Gool 2011). 
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1.2 Model iterations 
After peer review, further adjustments to the productivity table and relative 
importance of soil constraints were adjusted and new maps were developed. This 
included a review of topsoil and subsoil acidity during early 2015 using information 
compiled for the Report card on sustainable natural resource use in agriculture 
(DAFWA 2013). 
1.3 Quality of the mapped information 
Factors affecting the reliability of mapping include the survey methods, the number 
and types of field assessments (including laboratory measurements), mapping date, 
experience of the surveyor and the complexity of the land being surveyed. These 
factors were considered in Figure 1.3.1 which shows survey reliability. 
Although the information is aimed at regional-, local- and catchment-scale planning, it 
comes from proportionally allocated land units within map units. The proportional 
components could be recognised by experienced land managers, hence the 
information should be a reasonable starting point for larger farm-scale planning. At 
the very least, the soil constraint maps prepared in this report prioritise likely 
constraints to be explored. 
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Figure 1.3.1 Survey reliability of existing soil mapping in South-West Western 
Australia 
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2 Soil constraints for economic assessment 
Soil constraints were identified from land qualities calculated from modelled soil 
properties and landscape position (van Gool 2005). Many land qualities are 
described as a susceptibility, risk or hazard, therefore not all of the reported areas will 
be affected, and the degree to which they are affected will vary spatially and 
temporally (by location, season and management). 
This has implications for economic modelling. For this reason, estimates of 
probability of occurrence for calculating production losses from subsoil constraints 
were used (Herbert 2009). Seasonal and regional differences were also incorporated. 
This report attempts to reduce the uncertainty associated with modelled constraints, 
by identifying areas where each constraint is most likely to significantly limit 
productivity. 
2.1 Reporting areas 
The broad agricultural cropping zones in WA used by industry have been identified 
(Figure 2.2.1). These areas are used for MySoil reporting on DAFWA’s website. 
These cropping zones are used to summarise the information and numbered from 
1 to 11 from north to south and west to east. 
2.2 Land quality codes 
The 17 soil constraints have been listed in alphabetical order and the most limiting 
constraint for five classes of land have been described from very high to very low 
productivity (Table 2.2.1). Very low productivity land is non-cropping land that is not 
economic to ameliorate. 
In traditional land capability or suitability tables, usually the highest capability has no 
constraints. That is, if a constraint is not limiting, the land is class 1. For the 
productivity table, non-limiting constraints are not shown because the maps are 
scaled. Hence, there are too many (>3) constraints in the very high productivity class. 
Effectively, these constraints are considered to be manageable by farmers in WA. 
Some exceptions have been identified. Some constraints that are considered to be 
important for management are shown in the very high productivity category only, 
such as moderately acidic pH and moderate susceptibility to subsurface compaction, 
because they can change rapidly. Other constraints are included because there is 
insufficient information to assess their impact with confidence. These other 
constraints include moderate (or higher) boron toxicity susceptibility, very low 
inherent fertility and moderate or high susceptibility to soil structure decline. 
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Figure 2.2.1 Agricultural cropping zones in WA by name and number  
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Table 2.2.1 Land quality codes of the wheat productivity classes according to the 
most limiting constraint (described in van Gool et al. 2005, van Gool 2011) and listed 
in Table A2 
Land quality 
constraint 
Very high 
productivity  
High 
productivity 
+ high 
productivity 
duplex 
soils 
Fair 
productivity 
+ fair 
productivity 
duplex 
soils 
Low 
productivity 
Very low 
productivity 
(non-
cropping 
land) 
Acid pH at  
0–10cm 
Moderately 
acid 
 Strongly 
acid* 
Very 
strongly acid 
 
Acid pH at  
15–25cm  
(pH subsoil) 
Moderately 
acid* 
 Strongly 
acid 
Very 
strongly acid 
 
Alkaline pH at  
50–80cm* 
- Moderately 
alkaline* 
Strongly 
alkaline* 
-  
Boron toxicity 
susceptibility* 
Moderate*  - -  
Flood hazard* - - Moderate* High*  
Inherent 
fertility* 
Very low* - - -  
Permeability    Rapid Very rapid  
Physical crop-
rooting depth  
 Moderately 
shallow 
Shallow Very shallow  
Soil water 
storage  
 Very low*  Extremely 
low 
 
Subsurface 
compaction 
susceptibility  
Moderate*  High*   
Salinity 
 – Surface 
salinity 
 Slight  Moderate High, 
Extreme 
Salinity 
– Salinity 
hazard* 
 Moderate 
hazard 
High hazard Presently 
saline 
 
Surface soil 
structure 
decline 
susceptibility  
Moderate*, 
High 
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Land quality 
constraint 
Very high 
productivity  
High 
productivity 
+ high 
productivity 
duplex 
soils 
Fair 
productivity 
+ fair 
productivity 
duplex 
soils 
Low 
productivity 
Very low 
productivity 
(non-
cropping 
land) 
Water erosion 
hazard  
Moderate*, 
High 
 Very high  Extreme 
Water 
repellence 
susceptibility  
Moderate*  High   
Waterlogging/ 
inundation 
risk† 
Moderate*   High Very high 
Wind erosion 
hazard  
High  Very high  Extreme 
Workability 
 – soil  
 Fair  Poor Very poor 
Workability  
 – trafficability 
 Fair  Poor Very poor 
* Indicates new constraints or adjustments from our starting point (see van Gool 
2011). Also indicates new land qualities not in van Gool et al. (2005), detailed in 
Appendix D. 
†  Waterlogging is not selected for high and fair duplex soils because too much land 
is selected. However, this indicates land where seasonal waterlogging will sometimes 
occur. 
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3 Scaled wheat productivity map 
A wheat productivity map has been used to identify shire-based constraint 
summaries (Figure 3.1). The purpose was to rank the productivity constraints 
(figures 4.4.1–4.17.1) and establish their relative importance (Table 6.2). This is a 
systematic way to use available mapping and expert opinion to target where and on 
which constraints farmers or researchers are most likely to get a return on their time 
and money. 
 
Figure 3.1 Wheat productivity classes  
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4 Maps of limiting constraints relative to wheat 
productivity 
Over the following pages, maps of the south-west are provided that show 17 soil 
constraints to wheat yields and the likelihood of each constraint being a limitation. 
These values are expressed as a range of susceptibilities to the constraint: 0–10% 
(or minimal), 10–30%, 30–50%, 50–70% and 70–100% (which means a very high 
chance of that problem arising). 
For all but two constraints, two maps (figures) are provided. Figure 4.2.1a shows all 
areas where a constraint occurs. Even if it is poor land with many (>3) constraints, it 
has been shown. 
Figure 4.2.1b shows where the particular constraint is likely to be a significant yield 
limitation. If the land had only one constraint, for example topsoil acidity, and was not 
restricted by other constraints, such as low inherent fertility or subsoil compaction, 
and the land was treated with lime to reduce the acidity, a large response would be 
expected because nothing else is limiting yield. This is the basis of the Food and 
Agriculture Organization’s (FAO) style of land suitability mapping (FAO 1976, 1983). 
However, if there were additional constraints to the topsoil acidity, the result would be 
less or even no yield benefit. 
The problem is that very little land has only a single soil constraint, hence Figure 
4.2.1b would show no land in this class. This occurs because of map scale and 
because many (>3) constraints are often closely related. For example, sandy soils 
have low pH buffering capacity, so they are likely to be acidic. Sandy soils are also 
loose and prone to wind erosion. Fortunately, if you reduce one constraint you often 
reduce the other. For example, reducing acidity will result in better growth and 
greater soil cover so wind erosion will also be less. 
In this study, three or fewer constraints have been chosen based on a sensitivity 
check of the maps. Three seems a good compromise because it selects a 
reasonable area of land. If effort and resources are put into this land, the manager is 
more likely to get a better response than on land with many more constraints. On 
land with many (>3) constraints, there may be no response at all. Note that the term 
‘more likely’ is used as response does depend on exactly what the other constraints 
are. This compromise represents best advice given the information available. 
For two constraints — susceptibility to boron toxicity and inherent fertility — there is 
only one map. For a third constraint — surface soil structure decline susceptibility — 
there is a second map, however the land area shown is very small. This occurs 
because we have limited information, hence they are included as a ‘possible 
constraint’ in the very high productivity class only, on Table 2.2.1. For this reason, 
these constraints are always 1 of more than 3 constraints. 
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4.1 Boron toxicity susceptibility 
Boron toxicity susceptibility appears to be widespread as shown in Figure 4.1.1. 
However, this is a presence or absence assessment based on a few simplified rules 
(see Appendix D) indicating it is not the most limiting constraint anywhere. Hence, we 
have no second map to show proportions of susceptible land after amelioration. We 
have limited measured values of where toxicity occurs and even fewer where it has 
impacted crop yields. This assessment includes soils to 80cm deep, which includes 
many deep duplex soils. Using our method, all soils susceptible to boron toxicity also 
have other (>3) constraints or are restricted by other constraints first. Examples 
include sodic alkaline subsoils, salinity, and topsoil acidity in the sandy surface layer. 
 
Figure 4.1.1 Total area of moderate or greater boron toxicity susceptibility 
4.2 Flood hazard 
It is possible to use the landscape component of soil-landscape maps for a general 
assessment for flood hazard (where moving floodwater can occur). The extent of land 
where flooding may occur more than 2 years in 10 is estimated on figures 4.2.1a and 
b. There are few areas where flood hazard is the main limitation and rarely for a high 
proportion of the land. 
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Figure 4.2.1a Total area of moderate or greater flood hazard  
 
Figure 4.2.1b Area where flood hazard is one of few (1–3) constraints 
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4.3 Inherent fertility 
Soil fertility is a complex and highly variable property to assess. However, for ‘big 
picture’ modelling such as regional crop yields, an estimate of inherent soil fertility is 
valuable (Figure 4.3.1). It uses information for organic carbon, phosphorus retention 
index and clay percentage (see Appendix D). It should be noted that organic carbon 
is considered to be the major indicator of inherent soil fertility, and is strongly affected 
by climate. Poor sands have low inherent fertility. These soils have other constraints 
that limit yields such as water repellence, low soil water storage, rapid soil 
permeability, acidic topsoil and subsoil and wind erosion. In the model, inherent 
fertility is not the main limitation to yield. 
 
Figure 4.3.1 Total area of very low inherent fertility 
4.4 Permeability 
This assessment of permeability (figures 4.4.1a and b) focuses on soils that are 
excessively permeable, where hydraulic conductivities of the whole profile are more 
than 130mm/h. This typically occurs in poor coarse- or medium-grained sands, 
gravelly sands and sandy gravels more than 80cm deep. Figure 4.4.1b indicates that 
excessive permeability is the most important constraint in the West Midlands and in 
the dunes to the north of the Swan to Scott Coastal Plains. 
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Figure 4.4.1a Total area of permeability at more than 130mm/h 
 
Figure 4.4.1b Area where permeability is one of few (1–3) constraints 
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4.5 Physical crop-rooting depth 
Rooting depth is the distance to an impeding layer such as rock, permanent 
watertable or poor clay — which is usually massive, dense and/or sodic. Rooting 
depth will vary dramatically between plant species, hence this assessment is for an 
annual wheat crop. Land where physical crop-rooting depth is 50cm or less is 
considered in figures 4.5.1a and b. Soil depth greater than 50cm is considered to be 
non-limiting. Physical crop-rooting depth does not consider chemical restrictions such 
as pH or salinity, which are assessed as separate land qualities. 
 
Figure 4.5.1a Total area of physical crop-rooting depth at less than 50cm 
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Figure 4.5.1b Area where physical crop-rooting depth is one of few (1–3) constraints 
4.6 Soil water storage 
Soil water storage is assessed using physical crop-rooting depth, texture and 
structure and the presence of gravels and stones (Figure 4.6.1a). Soils with low water 
storage include poor sands, and shallow soils over rock or poor clay. Poor clay 
subsoils are usually sodic, and often have multiple restrictions such as salinity and 
alkalinity. The most severe restriction occurs at less than 30mm/m, but all land with 
less than 70mm/m soil water storage is considered. Figure 4.6.1b indicates areas 
where soil water storage is one of only a few (1–3) constraints. 
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Figure 4.6.1a Total area of soil water storage at less than 70mm/m 
 
Figure 4.6.1b Area where soil water storage is one of few (1–3) constraints 
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4.7 Subsoil acidity 
Subsoil acidity occurs where pH at 15–25cm measured in water (pHw) is less than 
5.6 (or pH measured in calcium chloride (pHCa) is less than 4.5. The pH values were 
edited for entire soil groups within each soil-landscape zone based on collated 
information for the Report card on sustainable natural resource use in agriculture 
(DAFWA 2013). However, subsoil pH varies with management (fertiliser use, lime, 
cultivation, rainfall), hence the values represented in figures 4.7.1a and b are means. 
There will be much variation within individual paddocks and between farms. 
Figure 4.7.1b indicates that subsoil acidity is one of few (1–3) constraints over 
significant areas in all crop zones. This is important because it is slower and more 
costly to ameliorate than topsoil acidity (see Chapter 4.12). 
 
Figure 4.7.1a Total area of subsoil acidity, pHw, at less than 5.6 at 15–25cm 
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Figure 4.7.1b Area where subsoil acidity is one of few (1–3) constraints 
4.8 Subsoil alkalinity 
The maps of subsoil alkalinity in figures 4.8.1a and b show areas where pHw is more 
than 8 at 50–80cm depth. In sandy duplex soils (sand over clay), it is common to 
have acidic topsoil above the alkaline clays, which reduces the area shown on Figure 
4.8.1b showing where subsoil alkalinity is one of few (1–3) constraints. The range of 
pH values in deeper subsoils will not be rapidly altered by land management 
practices, hence subsoil pH values measured during the original soil-landscape 
surveys still provide a good estimate of the extent of subsoil alkalinity. It is widely 
distributed in the Central Northern Wheatbelt. 
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Figure 4.8.1a Total area of subsoil alkalinity, pHw, at more than 8 at 50–80cm 
 
Figure 4.8.1b Area where subsoil alkalinity is one of few (1–3) constraints 
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4.9 Subsurface compaction susceptibility 
Subsurface compaction susceptibility considers highly and moderately susceptible 
soils and is shown in Figure 4.9.1a. The degree to which compaction is expressed 
will be affected by seasonal conditions and management. For example, soil moisture 
from rainfall and multiple passes by large farm machines can make soils more 
compact. Figure 4.9.1a may over-emphasise subsoil compaction because moderate 
compaction is included and there are only three compaction classes: high, moderate 
and low. 
Figure 4.9.1b indicates areas where it is one of the more significant yield-limiting 
constraints. These are extensive in many zones, however it is likely underestimated 
in Zone 10, South Coast – Albany to Esperance. This is because of the prevalence of 
sandy duplex soils for which we have insufficient particle size information to better 
distinguish differences in compaction on these soils in different crop zones. For 
example, it is thought that the sand particles are finer and can compact more in Zone 
10. Measurements are required to confirm this. 
 
Figure 4.9.1a Total area of moderate or greater subsurface compaction susceptibility 
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Figure 4.9.1b Area where subsurface compaction susceptibility is one of few (1–3) 
constraints 
4.10 Surface soil structure decline susceptibility 
Soils susceptible to surface soil structure decline are usually fine-textured and display 
surface hardsetting or crusting. This restricts water movement and is a physical 
impedance for germinating plants. Many of these soils have variable levels of sodicity 
occurring in the top 15cm. Proportions of structure decline susceptibility are shown in 
Figure 4.10.1a. High and moderately susceptible soils are considered, but only as a 
high productivity restriction. This is mainly because there is limited evidence to make 
this constraint more restrictive, hence it is not often a significant yield-limiting 
constraint (Figure 4.10.1b). 
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Figure 4.10.1a Total area of moderate or greater surface soil structure decline 
susceptibility 
 
Figure 4.10.1b Area where surface soil structure decline susceptibility is one of few 
(1–3) constraints 
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4.11 Salinity 
Surface salinity and salinity hazard are combined for this assessment (Figure 
4.11.1a). Although surface salinity focuses on watertable salinity, it uses measured 
and observed surface soil salinity wherever it occurs. The wheat productivity table 
includes all soils with slight salinity (ECe 200mS/m) to high salinity (ECe 800mS/m) 
or more. The slight salinity values tend to select drier areas, and appear to be a 
useful indicator of where transient salinity occurs. Transient salinity is not directly 
associated with the watertable. Surface salinities at more than 800mS/m occur on 
salt scalds or salt lakes and fall in the non-cropping (very low productivity) land 
category in Table 2.2.1. Surface salinity is a mean value, because measured salinity 
values vary seasonally with different amounts of soil water. Salinity is a significant 
yield-limiting constraint in many areas throughout the cropping zone east of the state 
forest (Figure 4.11.1b). 
 
Figure 4.11.1a Total area of salinity at more than 200mS/m 
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Figure 4.11.1b Area where salinity is one of few (1–3) constraints 
4.12 Topsoil acidity 
The map of topsoil acidity in Figure 4.12.1a shows where pHw in the topsoil is less 
than 5.6 (or pHCa <4.5) is considered to be less restrictive than subsoil pH, as it is 
readily ameliorated using surface application of lime. The pH values were edited for 
entire soil groups within each soil-landscape zone after collation of information for the 
Report card on sustainable natural resource use in agriculture (DAFWA 2013). 
However, topsoil pH varies with management (fertiliser use, lime, cultivation, rainfall). 
The values represent a mean, but there will be considerable variation within 
individual paddocks and between farms. Figure 4.12.1b shows that it is a significant 
yield-limiting constraint on the edge of the Wheatbelt around Mullewa and Morawa, 
but occurs in most cropping zones. 
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Figure 4.12.1a Total area of topsoil acidity, pHw, at less than 5.6 
 
Figure 4.12.1b Area where topsoil acidity is one of few (1–3) constraints 
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4.13 Water erosion hazard 
Water erosion hazard is associated with sloping land and stream channels, 
particularly where low surface or shallow subsurface permeability results in water 
run-off rather than infiltration into the soil. Total area of constraint is shown in Figure 
4.13.1a and areas where it is one of few (1–3) constraints is shown in Figure 4.13.1b. 
These are most important in areas of the Darling Range to South Coast. Moderate to 
very high hazard land is considered in the assessment. Extreme risk land has very 
low productivity and is non-cropping. 
 
Figure 4.13.1a Total area of moderate or greater water erosion hazard 
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Figure 4.13.1b Area where water erosion hazard is one of few (1–3) constraints 
4.14 Waterlogging/inundation risk 
Waterlogging risk considers wet soils and poorly drained areas in low landscape 
positions (figures 4.14a and b). Waterlogging is an important consideration, however 
this land quality is complicated because there can be both significant penalties and 
benefits depending on the amount of rainfall, and when during the crop growth cycle 
waterlogging occurs. Yield penalties are more likely on susceptible land in medium 
and high rainfall regions. Waterlogging considers land from moderate to high 
waterlogging risk. Very high waterlogging land tends to be in swamps and stream 
beds, and is non-cropping land (Table 2.2.1). 
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Figure 4.14.1a Total area with moderate or greater waterlogging/inundation risk 
 
Figure 4.14.1b Area where waterlogging/inundation risk is one of few (1–3) 
constraints 
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4.15 Water repellence susceptibility 
Although water repellence is referred to as susceptibility, because of both seasonal 
and management variation there are many measured and observed values. The 
extent shown on figures 4.15.1a and b should be a good representation. Both high 
and moderate susceptibility are considered. Similar to subsoil compaction, water 
repellence has only three classes: high, moderate and low. The inclusion of moderate 
in the assessment may overestimate the importance of water repellence a little in 
Figure 4.15.1a. A high proportion of WA wheat-growing areas are subject to this 
constraint and areas where it is most important are much less because it is 
commonly associated with other constraints of sandy soils such as low water storage, 
low fertility, acidity and wind erosion. 
 
Figure 4.15.1a Total area with moderate or greater water repellence susceptibility 
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Figure 4.15.1b Area where water repellence susceptibility is one of few (1–3) 
constraints 
4.16 Wind erosion hazard 
Wind erosion hazard occurs on exposed land with loose topsoil. High and very high 
hazard land is considered in figures 4.16.1a (total) and b (most significant constraint). 
Extreme hazard occurs on coastal foredunes that are non-cropping land. Because 
wind erosion is typically associated with sandy soils that have many other constraints, 
such as acidity and low soil water storage, the area shown on Figure 4.16.1b 
indicates relatively little land where it is the main yield limitation. 
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Figure 4.16.1a Total area of high to extreme wind erosion hazard 
 
Figure 4.16.1b Area where wind erosion hazard is one of few (1–3) constraints 
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4.17 Workability 
Workability combines the ability to cultivate the topsoil and the land quality for 
machinery trafficability; for example, where access might be required to spray plants. 
It considers all land that is fair or poor and is shown in figures 4.17.1a and b. 
Workability is retained as a constraint because heavy soils or steep land increase 
fuel use, time and wear and tear on machinery, increasing production costs. Very 
poor land, such as rock outcrop, or steep land with more than 30% slope, is 
considered to be non-cropping land. 
 
Figure 4.17.1a Total area of very poor to fair workability 
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Figure 4.17.1b Area where workability is one of few (1–3) constraints 
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5 Land with many (>3) constraints 
Land with many (>3) constraints occurs on all broad soil types, but is more than 20% 
of alkaline shallow duplexes, clays and shallow loamy duplex soils, pale sands and 
non-saline seasonally wet soils (Table 5.1). Land with many (>3) constraints may be 
productive, however the cost of increasing production by fixing many (>3) constraints 
needs to be carefully assessed. 
Table 5.1 Land with many (>3) constraints within each broad soil type, listed by 
diminishing constrained area 
Broad soil Total area (ha) 
Area with many (>3) 
constraints (ha and %) 
Alkaline shallow duplex 1 271 524 551 927 (43.4%) 
Clays & shallow loamy duplexes 1 993 196 455 483 (22.9%) 
Pale sands 1 291 047 361 535 (28.0%) 
Deep sandy duplexes 2 689 458 262 373 (9.8%) 
Shallow sandy duplexes 1 205 080 123 586 (10.3%) 
Coloured sands 1 589 705 117 164 (7.4%) 
Ironstone gravelly soils 1 913 033 103 826 (5.4%) 
Deep loamy duplexes & earths 1 345 734 80 743 (6.0%) 
Non-saline seasonally wet 272 256 66 945 (24.6%) 
Shallow sands over rock 369 979 36 640 (9.9%) 
Stony soils 722 592 29 010 (4.0%) 
Calcareous coastal 90 015 9 510 (10.6%) 
Calcareous loamy earths 762 810 2 85 (0.4%) 
Sandy earths 1 501 323 688 (0.0%) 
Saline wet areas 495 813 387 (0.1%) 
Non-cropping land 526 743 151 (0.0%) 
Shallow loams over rock 407 800 1 (0.0%) 
Total 18 448 109 2 202 822 (11.9%) 
5.1 Non-cropping land 
Non-cropping land includes swamps, stream channels, salt scalds, rock outcrop and 
steep land (Figure 5.1 and Table 5.2). Amelioration for dryland wheat cropping is 
generally assumed to be uneconomic. Most soils include some non-cropping land; for 
example, where they cross into streamlines or onto steep slopes. About 78% of 
saline wet areas are considered non-cropping, leaving 22% of low productivity land in 
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the moderately saline 400–800mS/m category. Non-cropping land is also a broad soil 
class to account for disturbed land, water and soils with no suitable group. 
 
Figure 5.1 Areas of non-cropping land  
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Table 5.2 Land classed as non-cropping within each broad soil, listed by diminishing 
area and proportion of many (>3) constraints 
Broad soil Total area (ha) 
Total non-cropping 
(ha and %) 
Non-cropping land 526 743 526 743 (100.0%) 
Saline wet areas 495 813 386 819 (78.0%) 
Rock outcrop 256 674 256 674 (100.0%) 
Clays & shallow loamy duplexes 1 993 196 195 145 (9.8%) 
Stony soils 722 592 92 155 (12.8%) 
Calcareous coastal 90 015 29 362 (32.6%) 
Ironstone gravelly soils 1 913 033 27 551 (1.4%) 
Shallow sandy duplexes 1 205 080 25 986 (2.2%) 
Shallow loams over rock 407 800 19 407 (4.8%) 
Sandy earths 1 501 323 17 654 (1.2%) 
Alkaline shallow duplex 1 271 524 8 623 (0.7%) 
Non-saline seasonally wet 272 256 7 582 (2.8%) 
Shallow sands over rock 369 979 7 187 (1.9%) 
Deep loamy duplexes & earths 1 345 734 5 004 (0.4%) 
Self-mulching clays 65 724 3 117 (4.7%) 
Pale sands 1 291 047 3 042 (0.2%) 
Calcareous loamy earths 762 810 2 272 (0.3%) 
Coloured sands 1 589 705 561 (0.0%) 
Deep sandy duplexes 2 689 458 505 (0.0%) 
Total 18 448 109 1 615 389 (8.6%) 
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6 Variability within the mapped information 
As an indication of soil variability, the percentage distribution of soil group qualifiers 
within deep sandy duplexes in the South-West Agricultural Region compared to the 
same broad soil in the South Coast crop zone is shown in Figure 6.1. Crop zones are 
shown in Figure 2.2.1. 
The South Coast crop zone comprises two soil-landscape zones (see Appendix B, 
Table B2). Soil properties can vary for the same soil group in a different soil-
landscape zone because factors such as soil depth, texture and chemistry differ. In 
our model, the soil attribute data only varies where we have information to support 
major differences between zones, otherwise a default mean value for the south-west 
is used. 
 
Figure 6.1 Distribution of deep sandy duplex soil group qualifiers in the South-West 
Agricultural Region compared to the South Coast crop zone 
The information presented is summarised from detailed land units. Landscape 
position also affects productivity. For example, crests are more exposed to wind 
damage and are drier. Footslopes and poorly drained flats are wetter and will have 
more moisture available for plants in dry seasons, but may also be too wet in wet 
seasons. Land units associated with the mapping have a distinct soil-landscape zone, 
a soil group, a qualifier and a landscape position, allowing for thousands of 
combinations. 
Differences in landscape between zones derived from the 30m digital elevation 
model of Australia are indicated (Figure 6.2 and Table 6.1) and have been classed 
using land units described in van Gool et al. (2005). The Swan to Scott Coastal 
Plains zone contains a greater proportion of poorly drained flats. The Central 
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Northern Wheatbelt, Mullewa to Morawa and Salmon Gums Mallee zones contain 
more well-drained flats. There are more slopes greater than 10% in the Darling 
Range to South Coast zone. 
 
Figure 6.2 Distribution of landscape position within the crop zones 
Table 6.2 lists the constrained areas for each zone and each constraint. It shows, for 
example, that while subsurface compaction susceptibility is the most widespread 
constraint, affecting 94% of the West Midlands, it reduces to only 34% in the Salmon 
Gums Mallee. Waterlogging/inundation risk is the least widespread constraint with 
none in some zones. Where a constraint affects more than 30% of the area, it has 
been shaded. 
Table 6.3 summarises the yield-limiting constraints as a percentage of the crop zone. 
Where a constraint affects more than 10% of the area, it has been shaded. The areas 
of each constraint are not mutually exclusive. Because we are considering land with 
1–3 constraints, there is some overlap between the constraints and the total. 
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 Table 6.1 Percentage of landscape classes (van Gool et al. 2005) within crop zones, based on slopes derived from the 30m digital 
elevation model of Australia (Gallant et al. 2011) 
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Mid West 0% 5% 0% 1% 15% 42% 11% 8% 8% 2% 1% 0% 6% 
Mullewa to Morawa 1% 2% 6% 4% 13% 55% 9% 3% 2% 0% 0% 0% 5% 
West Midlands 1% 4% 1% 1% 16% 32% 8% 14% 15% 1% 1% 0% 6% 
Central Northern Wheatbelt 1% 1% 12% 5% 11% 52% 9% 4% 1% 0% 0% 0% 4% 
Swan to Scott Coastal Plains 3% 3% 21% 8% 8% 23% 9% 5% 7% 3% 1% 0% 7% 
Darling Range to South Coast 1% 7% 3% 3% 14% 14% 6% 9% 19% 8% 7% 1% 9% 
Zone of Rejuvenated Drainage 2% 3% 5% 6% 15% 25% 7% 14% 12% 2% 1% 0% 7% 
Southern Wheatbelt 1% 2% 7% 4% 14% 47% 10% 7% 2% 0% 0% 0% 5% 
Stirlings to Ravensthorpe 1% 4% 4% 2% 12% 41% 14% 9% 6% 1% 0% 0% 5% 
South Coast – Albany to 
Esperance 1% 5% 3% 2% 12% 46% 13% 5% 6% 2% 1% 0% 6% 
Salmon Gums Mallee 0% 5% 0% 0% 13% 58% 15% 1% 0% 0% 0% 0% 7% 
Total 1% 3% 7% 4% 13% 41% 9% 7% 6% 2% 1% 0% 6% 
Note: Pale orange indicates 5–30% of the crop zone has that landscape feature; orange indicates 30–50% of the crop zone has that 
landscape feature; and dark orange indicates more than 50% of the crop zone has that landscape feature  
 
 Table 6.2 Total constrained areas, as percentage of the crop zone, listed by diminishing area of constraint. Shading indicates where 
a constraint covers more than 30% of the crop zone 
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Subsurface 
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susceptibility 
13 196 291 85% 84% 94% 69% 74% 71% 77% 57% 81% 58% 31% 
Subsoil 
acidity  
(15–25cm) 
12 626 551 80% 70% 95% 61% 83% 87% 79% 54% 78% 55% 12% 
Water 
repellence 
susceptibility 
9 862 516 41% 36% 85% 45% 56% 47% 54% 51% 82% 60% 52% 
Topsoil 
acidity 
8 961 279 27% 28% 30% 42% 41% 64% 57% 56% 59% 58% 40% 
Surface soil 
structure 
decline 
susceptibility 
7 105 642 34% 68% 6% 55% 11% 24% 34% 41% 5% 25% 47% 
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Soil water 
storage 
6 187 314 24% 11% 45% 22% 30% 25% 38% 48% 27% 48% 66% 
Wind erosion 
hazard 
5 967 665 39% 23% 69% 21% 47% 21% 29% 28% 58% 29% 49% 
Surface 
salinity 
4 644 447 16% 15% 2% 28% 11% 8% 17% 37% 13% 39% 82% 
Boron 
toxicity 
susceptibility 
4 188 797 8% 11% 1% 31% 0% 1% 10% 36% 7% 29% 86% 
Subsoil 
alkalinity  
(50–80cm) 
3 925 586 7% 9% 3% 28% 4% 1% 8% 32% 9% 28% 86% 
Physical 
crop-rooting 
depth 
3 288 024 10% 18% 4% 14% 5% 5% 10% 31% 13% 33% 61% 
Workability 2 434 716 10% 32% 10% 16% 26% 20% 11% 7% 9% 8% 1% 
Water 
erosion 
hazard 
2 220 840 18% 9% 23% 4% 17% 43% 18% 3% 10% 10% 1% 
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Waterlogging
/ inundation 
risk 
2 141 774 2% 8% 4% 15% 33% 10% 16% 11% 7% 10% 1% 
Non-
cropping 
land 
1 613 721 3% 6% 2% 9% 13% 9% 8% 12% 9% 8% 6% 
Inherent 
fertility 
1 294 295 28% 0% 27% 3% 20% 3% 6% 5% 4% 4% 0% 
Permeability 1 241 402 19% 0% 42% 4% 22% 4% 4% 2% 3% 1% 0% 
Flood hazard 376 887 1% 3% 2% 1% 7% 2% 9% 0% 1% 1% 0% 
 
  
 
 Table 6.3 Yield-limiting constraint (defined as one of few (1–3) constraints) as a percentage of the crop zone. Shading indicates 
where a constraint covers more than 10% of the crop zone 
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Crop zone 
area (ha) 
18 770 537 1 181 914 802 935 1 036 631 5 218 213 550 666 1 521 625 2 419 290 3 294 361 1 336 304 610 239 798 359 
Subsoil acidity  
(15–25cm) 
7 668 264 36% 51% 25% 47% 43% 37% 43% 38% 55% 35% 8% 
Subsurface 
compaction 
susceptibility 
5 751 448 45% 32% 18% 42% 20% 42% 33% 25% 7% 15% 4% 
Water 
repellence 
susceptibility 
2 563 148 7% 0% 30% 5% 19% 14% 14% 22% 26% 17% 7% 
Many (>3) 
constraints 
2 202 835 7% 5% 17% 7% 21% 7% 12% 8% 11% 19% 61% 
Surface 
salinity 
1 911 309 9% 8% 1% 13% 2% 4% 10% 15% 9% 17% 1% 
Subsoil 
alkalinity  
(50–80cm) 
1 680 790 5% 7% 1% 18% 1% 0% 1% 10% 4% 7% 20% 
Non-cropping 1 613 721 3% 6% 2% 9% 13% 9% 8% 12% 9% 8% 6% 
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Soil water 
storage 
1 577 919 4% 1% 13% 6% 5% 10% 9% 11% 17% 18% 0% 
Topsoil acidity 1 385 419 5% 17% 2% 10% 2% 4% 8% 8% 2% 9% 0% 
Physical crop-
rooting depth 
1 078 258 8% 13% 3% 4% 1% 3% 6% 9% 8% 12% 0% 
Workability 809 752 6% 16% 2% 5% 6% 9% 3% 1% 3% 2% 1% 
Permeability 783 397 13% 0% 29% 3% 8% 3% 2% 1% 1% 0% 0% 
Wind erosion 
hazard 
538 399 2% 7% 4% 3% 6% 1% 1% 2% 6% 1% 7% 
Surface soil 
structure 
decline 
susceptibility 
343 812 5% 1% 1% 2% 1% 2% 4% 1% 1% 1% 0% 
Flood hazard 263 710 1% 3% 1% 0% 4% 1% 6% 0% 0% 1% 0% 
Water erosion 
hazard 
187 445 3% 0% 1% 0% 0% 6% 1% 0% 0% 1% 0% 
Waterlogging/ 
inundation risk 
178 793 0% 0% 0% 0% 12% 2% 1% 0% 2% 1% 0% 
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7 Discussion 
The total extent of soil and soil-landscape constraints have been summarised in 
Table 6.2, which rates wheat productivity according to the values shown in 
Table 2.2.1. For example, profile permeability for water down the soil profile includes 
rapid (130–250mm/h) and very rapid (>250mm/h), hence the permeability maps 
(figures 4.4.1a and b) show areas where profile permeability is more than 130mm/h. 
Table 6.3 outlines the areas where each constraint is yield limiting and is one of few 
(1–3) constraints. In these areas, there is more likely to be a yield benefit for 
ameliorating the constraint. 
Tables 6.2 and 6.3 list the productivity constraints in terms of land area, and there are 
marked differences in their extent and order. It is useful to judge if productivity 
constraints are extensive or relatively minor. 
It is not important to get the order of impact of constraint exactly right in Table 6.3. 
For example, subsoil acidity has the greatest extent of the yield-limiting constraints, 
though it is similar to subsoil compaction. Similarly, there is only a small difference 
between surface salinity, subsoil alkalinity and land with many (>3) constraints. A 
small adjustment in the assumptions would change the order, hence the specific 
order of these constraints using this method is not important. It is only important to 
note if it is a large or small problem, and where the problem occurs. Although the 
model is driven by data, it also includes subjective judgement as expert opinion or 
estimates, hence error margins cannot be calculated. 
In Table 6.2, the constraints marked in the shaded cells are all more than 30% of the 
crop zone or roughly 6 million hectares. The yield-limiting constraints shaded in Table 
6.3 cover more than 2 million hectares (>10%). Tables 6.2 and 6.3 highlight important 
regional differences between crop zones. For example, in Table 6.2, water erosion 
risk is less than 30% in most crop zones; however, it is an important consideration in 
the Darling Range to South Coast zone due to high rainfall and sloping land on the 
eastern margin of the state forest. Similarly, waterlogging risk is more than 30% on 
the high rainfall Swan to Scott Coastal Plains (Table 6.2), and it is more than 10% as 
a yield-limiting constraint in this zone (Table 6.3). 
For the last two examples it should be noted that: 
• The Darling Range to South Coast zone and the Swan to Scott Coastal Plains are 
not major cropping areas. 
• Assessing waterlogging as a constraint is problematic as extra water can be a 
benefit in dry seasons, but reduce yield in wet seasons. The areas of duplex soils 
shown on the wheat productivity map (Figure 3.1) indicate where waterlogging will 
be important in some seasons, even though it is not listed as a major yield-limiting 
constraint using this method. 
Table E1 in Appendix E ranks the broad soil types by constraint. For example, the 
first soil listed in the West Midlands is coloured sands that cover about 300 000ha. 
About 160 000ha of land (55% of the coloured sands or 15% of the crop zone), has 
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rapid profile permeability as the first limitation to wheat yield. However, other 
variations of coloured sands also occur in this zone and other important constraints 
include: 
• soil compaction, especially where coloured sands have slightly higher clay content 
or mixed-sized soil particles that can pack more tightly 
• wind erosion, for coloured sands that occur on crests, sandy rises or exposed 
slopes 
• subsoil acidity, common because sands have a low pH buffering capacity. 
Table E3 indicates variability within a broad soil type (Pale sands), which helps to 
explain the variability in soil constraints, and why duplication of soil types occurs in 
Table E2. 
Table E2 provides more information about the dominant broad soils and likely 
constraints within each cropping zone. Even though the maps produced are still 
proportional, it is possible to identify the most likely soil types in each cropping zone 
that might require attention. 
The yield-limiting constraints cover a smaller area than the total of each constraint. 
The area and the soils where yield-limiting constraints occur vary considerably, 
hence it is worth considering carefully where amelioration, or research effort into 
amelioration, should occur to maximise research or production benefits. 
This method also estimates that there are more than 2.2 million hectares of arable 
land with many (>3) constraints (Figure 6.1 and Table 5.1). Costs associated with 
managing land with many (>3) constraints are likely to be higher relative to expected 
yield gains than where fewer constraints have been found. 
The constraint maps appear to be a reasonable estimate; however, the technique 
used is sensitive to small adjustments. Further work is needed to validate the results 
objectively. 
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Appendix A Grouped land quality production constraints 
Land quality codes described in van Gool et al. (2005) and used in the DAFWA soil-
landscape map unit database are listed in Table A1. Some land quality codes have 
been re-grouped (Table A2). For example, surface salinity and salinity hazard are 
combined, and pH has been separated into acidic and alkaline land. Table A2 lists 
the production constraints or land qualities used in the assessment of wheat 
productivity. 
Table A1 Land quality code values from van Gool et al. (2005) 
Section 
Description and code 
value 
Sub-
script Acceptable codes (ratings)* 
2.2 Flood hazard 
(FLOODR) 
f N (nil), L (low), M (moderate), H (high) 
2.5a 
2.5b 
pH (in water) at 0–10 
(PH0_10), 20 (PH20) 
and 50–80cm 
(PH5080) depth 
zf 
zg 
VSac (very strongly acidic), <5.3; Sac 
(strongly acidic), 5.3–5.6; Mac (moderately 
acidic), 5.6–6; Slac (slightly acidic), 6–6.5; 
N (neutral), 6.5–8; Malk (moderately 
alkaline), 8–9; Salk (strongly alkaline), >9 
2.7 Rooting depth (URD) 
(cm) 
r VS (<15), S (<30), MS (30–50), M (50–80), 
D (>80), VD (>150) 
2.8 Salinity hazard 
(SA_RIS) 
y NR (no hazard), PR (partial or low hazard),  
MR (moderate hazard), HR (high hazard), 
PS (saline land) 
2.12 Soil water storage 
(WA_STO) (cm) 
m VL (<35), L (35–70), ML (70–100), M 
(100–140), H (>140mm/m for 0–100cm or 
the rooting depth) 
2.13 Soil workability 
(WORKAB) 
k G (good), F (fair), P (poor), VP (very poor) 
2.14 Subsurface 
acidification 
susceptibility (SU_ACI) 
zd L (low), M (moderate), H (high), P 
(presently acidic) 
2.15 Subsurface 
compaction 
susceptibility 
(SU_COM) 
zc L (low), M (moderate), H (high) 
2.16 Surface salinity 
(SALIN) 
ze N (nil), S, (slight), M (moderate), H (high), 
E (extreme) 
2.17 Surface soil structure 
decline susceptibility 
(ST_DEG) 
zb L (low), M (moderate), H (high) 
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Section 
Description and code 
value 
Sub-
script Acceptable codes (ratings)* 
2.18 Trafficability (TRAFIC) zk G (good), F (fair), P (poor), VP (very poor) 
2.19 Water erosion hazard 
(WA_ERO) 
e VL (Very low), L (low), M (moderate), H 
(high), VH (very high), E (extreme) 
2.20 Water repellence 
susceptibility 
(WA_REP) 
za N (Nil), L (low), M (moderate), H (high) 
2.21 Waterlogging/inundatio
n risk (WA_LOG) 
i N (nil), VL (very low), L (low), M 
(moderate), H (high), VH (very high) 
2.22 Wind erosion hazard 
(WI_ERO) 
w L (low), M (moderate), H (high), VH (very 
high), E (extreme) 
2.23 Boron toxicity 
susceptibility (BORON) 
i N (nil), M (moderate to high) (Generic 
assessment only) 
2.24 Inherent soil fertility 
(FERT_INH) 
w VL (Very low), L (low), M (moderate), H 
(high), VH (very high) 
Table A2 Land quality codes used in the wheat productivity assessment 
Land quality code Code description 
Boron toxicity 
susceptibility 
Generic assessment of boron toxicity susceptibility. 
Flood hazard The temporary covering of land by moving flood waters 
derived from overflowing streams and/or run-off from 
adjacent slopes. 
Inherent fertility Generic assessment of inherent fertility. 
Permeability A land characteristic describing the capacity of soil to 
transmit water. Permeability is assessed on the least 
permeable layer (i.e. the layer that has the most restrictions 
to the passage of water) in the top 150cm (including bedrock 
if present). 
Rooting depth The depth to the layer within the soil where the growth and 
penetration of the majority of plant roots is restricted. 
Assessment includes physical limitations (only) and well as 
the presence of watertables. 
Soil water storage The amount of water that can be stored, available for plant 
water use. Here it is defined as the difference between field 
capacity wilting point summed over the top 100cm or the 
rooting depth, whichever is less. 
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Land quality code Code description 
Workability Assessment of the ease of soil workability or cultivation with 
machines. 
Subsoil acidity,  
pH at 15–25cm 
Subsoil pH <5.6 or acidity risk 15–25cm. In acidic soils, pH is 
a useful surrogate for aluminium toxicity. 
Subsoil alkalinity,  
pH at 50–80cm 
Alkaline subsoil pH >8 at 50–80cm. Soils with high pH can 
indicate the presence of calcium carbonate, toxic 
compounds, or sodicity. 
Subsurface 
compaction 
susceptibility 
The susceptibility of the soil to become compacted at a depth 
of 10–30cm due to applied stress. This results in a reduction 
in soil pore size and total pore space. The main cause on 
tilled soils is wheeled vehicular traffic. 
Surface salinity and 
salinity hazard 
Surface or subsoil watertable-related salinity. 
Surface soil structure 
decline susceptibility 
The susceptibility of soils to have their structure altered due 
to cultivation, so that movement of water into and through the 
topsoil is reduced. Soils with structure decline become more 
compact and infiltration is reduced and run-off is increased. 
Topsoil acidity,  
pH at 0–10cm 
The acidity of a soil in the top 10cm. In acidic soils pH is a 
useful surrogate for aluminium toxicity. 
Water erosion hazard The inherent risk of the land to the loss of soil as a result of 
water movement across the surface. Inherent water erosion 
risk is determined by landscape features and soil 
characteristics, not by land management practices. 
Water repellence 
susceptibility 
The risk of the soil is becoming resistant to wetting, resulting 
in an uneven soil wetting pattern at the break of the season. 
In the paddock, patches of wet soil alternate with dry soil, 
which results in poor germination of crops and pasture. 
Waterlogging risk Assessment of waterlogging or site drainage. 
Wind erosion risk The inherent risk of the land to loss of soil as a result of wind 
movement across the surface. Inherent wind erosion risk is 
determined by climate, landscape and soil characteristics, 
not land management practices. 
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Appendix B Regrouping of soil groups into broad soil 
types 
Table B1 outlines the regrouping of 73 soil groups into 14 broad soil types that could 
be managed similarly for cropping (Schoknecht 2013). It is worth noting that even soil 
groups are a broad grouping and are further separated by a soil group qualifier that 
describes additional variability. Examples include saline layers, subsoil rock or those 
layers underlain by poor clay. Schoknecht (2013) and van Gool et al. (2005) provide 
further detail. 
Table B1 Broad soil groups and constituent WA soil groups 
Broad soil group WA soil groups 
Bare rock Bare rock 
Calcareous loamy 
earths 
Calcareous loamy earth 
Clays & shallow 
loamy duplexes 
Acidic shallow duplex, Yellow/brown shallow loamy duplex, 
Red shallow loamy duplex, Cracking clays supergroup, 
Alkaline grey shallow loamy duplex, Grey non-cracking clay, 
Grey shallow loamy duplex, Hard cracking clay, Non-cracking 
clays supergroup, Red/brown non-cracking clay, Loamy 
duplexes supergroup, Self-mulching cracking clay, Alkaline 
red shallow loamy duplex 
Coloured sands to 
sandy earths 
Yellow sandy earth, Yellow deep sand, Sandy earths 
supergroup, Red sandy earth, Red deep sand, Brown deep 
sand, Acidic yellow sandy earth, Brown sandy earth 
Deep loamy duplexes 
& earths 
Brown deep loamy duplex, Yellow loamy earth, Red loamy 
earth, Red deep loamy duplex, Loamy earths supergroup, 
Friable red/brown loamy earth, Brown loamy earth 
Deep sandy duplexes Yellow/brown deep sandy duplex, Red deep sandy duplex, 
Reticulite deep sandy duplex, Grey deep sandy duplex, 
Alkaline grey deep sandy duplex 
Gravels Loamy gravel, Ironstone gravelly soils supergroup, Duplex 
sandy gravel, Deep sandy gravel 
No information Water, Disturbed land, Tidal soil, Miscellaneous soils 
supergroup, No suitable group, Undifferentiated soils  
Pale sands Gravelly pale deep sand, Calcareous deep sand, Pale deep 
sand, Pale sandy earth, Deep sands supergroup 
Saline Salt lake soil, Saline wet soil 
Semi-wet soils Semi-wet soils 
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Broad soil group WA soil groups 
Shallow & stony soils 
(many poor soils but 
some very good, e.g. 
70cm loam over rock) 
Calcareous shallow sand, Stony soil, Yellow/brown shallow 
sand, Red shallow loam, Red shallow sand, Shallow sands 
supergroup, Calcareous stony soil, Calcareous shallow loam, 
Shallow loams supergroup, Red-brown hardpan shallow 
loam, Rocky or stony soils supergroup, Shallow gravel, Pale 
shallow sand 
Shallow sandy 
duplexes 
Red shallow sandy duplex, Grey shallow sandy duplex, 
Yellow/brown shallow sandy duplex, Sandy duplexes 
supergroup, Alkaline grey shallow sandy duplex 
Wet soils Wet or waterlogged soils supergroup, Wet soil 
The 11 Western Australian crop zones are broad areas and comprise multiple soil-
landscape zones. The soil-landscape zones in each crop zone are listed in Table B2. 
Crop zones are listed by number from north to south, and the soil-landscapes within 
each zone are listed by number and name. 
Table B2 Regrouping of soil-landscape zones into crop zones 
Crop 
zone 
no. Crop zone  
Soil-
landscape 
zone no. Soil-landscape zone  
1 Mid West 220 Southern Victoria Sandplain  
1 Mid West 223 Northern Victoria Sandplain  
1 Mid West 225 Chapman  
1 Mid West 226 Lockier  
1 Mid West 227 Tenindewa  
1 Mid West 231 Port Gregory  
1 Mid West 232 Kalbarri Sandplain  
1 Mid West 234 Victoria Red Sandplain  
2 Mullewa to Morawa 270 Karrara Hills, Plains and Lakes  
2 Mullewa to Morawa 271 Irwin River  
3 West Midlands 221 Geraldton Coastal  
3 West Midlands 222 Dandaragan Plateau  
3 West Midlands 224 Arrowsmith  
4 Central Northern Wheatbelt 258 Northern Zone of Ancient Drainage 
4 Central Northern Wheatbelt 261 Southern Cross  
5 Swan to Scott Coastal Plains 211 Perth Coastal  
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Crop 
zone 
no. Crop zone  
Soil-
landscape 
zone no. Soil-landscape zone  
5 Swan to Scott Coastal Plains 212 Bassendean  
5 Swan to Scott Coastal Plains 213 Pinjarra  
5 Swan to Scott Coastal Plains 214 Donnybrook Sunkland  
5 Swan to Scott Coastal Plains 215 Scott Coastal  
5 Swan to Scott Coastal Plains 216 Leeuwin  
6 Darling Range to South 
Coast 
253 Eastern Darling Range  
6 Darling Range to South 
Coast 
254 Warren-Denmark Southland  
6 Darling Range to South 
Coast 
255 Western Darling Range  
7 Zone of Rejuvenated 
Drainage 
256 Northern Zone of Rejuvenated 
Drainage 
7 Zone of Rejuvenated 
Drainage 
257 Southern Zone of Rejuvenated 
Drainage 
8 Southern Wheatbelt 241 Pallinup  
8 Southern Wheatbelt 250 South-eastern Zone of Ancient 
Drainage 
8 Southern Wheatbelt 259 South-western Zone of Ancient 
Drainage 
9 Stirlings to Ravensthorpe 243 Jerramungup  
9 Stirlings to Ravensthorpe 244 Ravensthorpe  
9 Stirlings to Ravensthorpe 248 Stirling Range  
10 South Coast – Albany to 
Esperance 
242 Albany Sandplain  
10 South Coast – Albany to 
Esperance 
245 Esperance Sandplain  
11 Salmon Gums Mallee 246 Salmon Gums Mallee  
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Appendix C Selection of duplex soils 
Tables C1 and C2 list the duplex and effective duplex soil groups on land with less 
than 5% slope used to define the duplex productivity classes. 
Table C1 Duplex or effective duplex soil groups listed alphabetically 
Soil group 
Acidic shallow duplex 
Alkaline grey deep sandy duplex 
Alkaline grey shallow loamy duplex 
Alkaline grey shallow sandy duplex 
Alkaline red shallow loamy duplex 
Brown deep loamy duplex 
Duplex sandy gravel 
Grey deep sandy duplex 
Grey shallow loamy duplex 
Grey shallow sandy duplex 
Red deep loamy duplex 
Red deep sandy duplex 
Red shallow loamy duplex 
Red shallow sandy duplex 
Reticulite deep sandy duplex 
Saline wet soil 
Semi-wet soil 
Wet soil 
Yellow/brown deep sandy duplex 
Yellow/brown shallow loamy duplex 
Yellow/brown shallow sandy duplex 
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Table C2 Land units excluded from the selection of land with duplex soils 
Land unit 
Beach 
Blowout 
Cliff/breakaway 
Dissected slope 
Disturbed land 
High foredune 
Landslip 
Levee bank 
Ridge crest 
Rise >2m 
Salt scald 
Slope >5% 
Water 
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Appendix D Additional land qualities, boron and fertility 
Most land qualities are documented in van Gool et al. (2005). Boron toxicity 
susceptibility and inherent fertility are new land qualities provided in this report. 
Boron toxicity susceptibility 
Boron toxicity is considered to be a widespread constraint to cereal production in 
southern Australia. It is often associated with irrigation, but in Australia high boron is 
found in argillaceous sediments (silver-coloured marine sediments containing clay) 
and marine evaporites below 10–30cm (Nable et al. 1997, Bell 1999). Hence, boron 
tends to accumulate in lower positions in the landscape. 
Extractable boron is readily available on alkaline soils. Boron toxicity tends to be 
found on soils that are sodic, mildly saline and contain calcium carbonate. However, 
there are no clear correlations between boron toxicity, exchangeable sodium 
percentage, cation exchange capacity, electrical conductivity or clay (Bell 1999). 
measured in soil is only a general indicator of risk. 
In the absence of measured data, the rules shown in Table D1 are used as an 
indicator of areas at risk of boron toxicity in the south-west. 
Table D1 Boron toxicity susceptibility 
Indicator 
Nil  
(if any criterion is met) 
Moderate 
(must meet all criteria) 
Clay (%) <20 ≥20 
Exchangeable sodium 
percentage (%) 
≤6 >6 
pHw <7.5 ≥7.5 
Soil depth (cm) <30 30–80 
Rainfall (mm) ≥600 or high rainfall 
zone 
<600 or the low or 
medium rainfall zone 
Inherent soil fertility 
Soil fertility is a complex and highly variable property to assess. However, for big 
picture modelling such as regional crop yields, an estimate is useful. Below is a 
pragmatic estimate of inherent soil fertility that is relevant to annual cropping. It uses 
information for organic carbon levels, phosphorus retention index and clay content. It 
should be noted that organic carbon is considered to be the major indicator of 
inherent soil fertility, and that this is strongly affected by climate. 
Maximum biological activity and maximum plant root volume occurs at shallower soil 
depths. The soil layer inherent fertility estimates are scaled by depth to derive a score 
and final rating for the entire soil profile. 
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To calculate inherent fertility score of each soil layer, each layer is assigned a score 
out of about 100 based on three soil layer properties. However, it is possible that the 
score will exceed 100 in cases of very high clay or organic carbon content. Calculate 
the average score of the following three properties in Table D2: 
Table D2 To calculate inherent fertility score of each soil layer 
Soil property Calculation 
Organic carbon % multiply value by 5  
Phosphorus retention index  divide value by 2 
Clay % multiply value by 2 
 calculate the average score (as an integer) 
To calculate the inherent fertility score for the soil profile, the profile is assigned a 
fertility score again of about 100 based on the individual soil horizon scores by 
adding together the following values in Table D3: 
Table D3 Values to be added to calculate inherent fertility score for the soil profile 
Soil depth (cm) 
Fertility multiplier for each soil layer 
value calculated above 
2.5 0.25 
7 0.35 
12 0.15 
27 0.10 
52 0.10 
82 0.05 
 Add the value at each soil depth to 
derive the final score (as an integer) 
Table D4 Inherent fertility rating for the soil profile inherent fertility  
score from Table D3 
Very low Low Moderate High Very high 
≤3.5 >3.5 >7 >25 >50 
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Appendix E Broad soil types and constraints in each 
cropping zone 
Table E1 shows the numbers of each cropping zone in the standard order from north 
to south and west to east as used in the Report card on sustainable natural resource 
use in agriculture (DAFWA 2013). These numbers are then used in Table E2, which 
indicates how much of a given soil is affected by a constraint, and its proportion 
within the crop zone. Only soils with areas of more than 5% are displayed. There is 
duplication of broad soil types that occur in Table E2 because the information is 
summarised from more detail and one broad soil type will contain soils with different 
constraints. Table E3 gives an example (for pale deep sands) of why this duplication 
occurs. 
Table E1 Crop zone numbers and names 
No. Crop zone 
1 Mid West 
2 Mullewa to Morawa 
3 West Midlands 
4 Central Northern Wheatbelt 
5 Swan to Scott Coastal Plains 
6 Darling Range to South Coast 
7 Zone of Rejuvenated Drainage 
8 Southern Wheatbelt 
9 Stirlings to Ravensthorpe 
10 South Coast – Albany to Esperance 
11 Salmon Gums Mallee 
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 Table E2 Broad soil types and constraints in each cropping zone using land quality limitation codes from Appendix A 
Zone 
no. 
Area of 
crop zone 
(ha) Broad soil type 
Broad soil 
area (ha) 
Limitations 
(ha) 
Soil type 
in crop 
zone (%) 
Proportion 
of soil 
affected (%) Land quality limitations 
1 1 181 914 Coloured sands 442 419 217 009 37 49 SU_COM  
1 1 181 914 Coloured sands 442 419 80 070 37 18 P_PERM, PHSUBS  
1 1 181 914 Shallow loams over rock 108 155 63 479 9 59 ROOT_D, SALINE  
1 1 181 914 Shallow sandy duplexes 64 413 61 129 5 95 PHSUBS, SU_COM  
1 1 181 914 Coloured sands 442 419 52 902 37 12 MANY  
1 1 181 914 Sandy earths 74 874 49 969 6 67 SU_COM  
1 1 181 914 Pale sands 122 281 46 395 10 38 PHSUBS, SU_COM  
1 1 181 914 Coloured sands 442 419 35 921 37 8 PHSUBS, P_PERM, 
PH_TOP  
1 1 181 914 Pale sands 122 281 30 715 10 25 P_PERM, WA_REP  
1 1 181 914 Deep loamy duplexes & earths 60 854 29 590 5 49 WORKAB  
1 1 181 914 Shallow loams over rock 108 155 28 168 9 26 PHSUBS  
1 1 181 914 Sandy earths 74 874 23 472 6 31 PHSUBS, SU_COM  
1 1 181 914 Clays & shallow loamy 
duplexes 
118 203 19 068 10 16 PHSUBS, SU_COM  
1 1 181 914 Clays & shallow loamy 
duplexes 
118 203 16 361 10 14 ST_DEG. WA_ERO  
1 1 181 914 Pale sands 122 281 15 098 10 12 PHSUBS, WA_REP  
 
 Zone 
no. 
Area of 
crop zone 
(ha) Broad soil type 
Broad soil 
area (ha) 
Limitations 
(ha) 
Soil type 
in crop 
zone (%) 
Proportion 
of soil 
affected (%) Land quality limitations 
1 1 181 914 Pale sands 122 281 15 092 10 12 MANY  
1 1 181 914 Clays & shallow loamy 
duplexes 
118 203 14 969 10 13 PHALKA, SALINE  
1 1 181 914 Clays & shallow loamy 
duplexes 
118 203 14 737 10 12 ST_DEG  
1 1 181 914 Deep loamy duplexes & earths 60 854 13 990 5 23 PHSUBS, ST_DEG, 
SU_COM  
1 1 181 914 Clays & shallow loamy 
duplexes 
118 203 13 885 10 12 SALINE, PHALKA, 
ROOT_D  
1 1 181 914 Pale sands 122 281 9 834 10 8 WA_STO, PHSUBS, 
WA_REP  
1 1 181 914 Shallow loams over rock 108 155 9 044 9 8 WORKAB  
1 1 181 914 Clays & shallow loamy 
duplexes 
118 203 7 390 10 6 WORKAB  
1 1 181 914 Deep loamy duplexes & earths 60 854 6 620 5 11 PHALKA  
1 1 181 914 Clays & shallow loamy 
duplexes 
118 203 6 177 10 5 PHALKA  
1 1 181 914 Deep loamy duplexes & earths 60 854 3 174 5 5 PHSUBS, SU_COM  
2 802 935 Deep loamy duplexes & earths 123 131 81 144 15 66 WORKAB  
2 802 935 Coloured sands 107 222 76 288 13 71 PHSUBS, PH_TOP, 
SU_COM  
 
 Zone 
no. 
Area of 
crop zone 
(ha) Broad soil type 
Broad soil 
area (ha) 
Limitations 
(ha) 
Soil type 
in crop 
zone (%) 
Proportion 
of soil 
affected (%) Land quality limitations 
2 802 935 Shallow loams over rock 188 940 66 904 24 35 ROOT_D  
2 802 935 Shallow loams over rock 188 940 61 988 24 33 PHSUBS  
2 802 935 Shallow sands over rock 70 203 49 880 9 71 PHSUBS, WI_ERO  
2 802 935 Sandy earths 85 404 41 492 11 49 
PHSUBS, PH_TOP 
SU_COM  
2 802 935 Shallow sandy duplexes 42 338 38 680 5 91 PHSUBS, SU_COM  
2 802 935 Sandy earths 85 404 33 926 11 40 PHSUBS, SU_COM  
2 802 935 Stony soils 49 509 26 400 6 53 MANY  
2 802 935 Deep loamy duplexes & earths 123 131 18 828 15 15 PHALKA 
2 802 935 Shallow sands over rock 70 203 17 509 9 25 PHSUBS  
2 802 935 Shallow loams over rock 188 940 16 986 24 9 ROOT_D, WORKAB  
2 802 935 Stony soils 49 509 15 746 6 32 WORKAB, PHSUBS  
2 802 935 Shallow loams over rock 188 940 14 231 24 8 ROOT_D, SALINE  
2 802 935 Coloured sands 107 222 13 285 13 12 PHSUBS, SU_COM  
2 802 935 Shallow loams over rock 188 940 11 331 24 6 SALINE  
2 802 935 Shallow loams over rock 188 940 10 927 24 6 FLOODR, SALINE  
2 802 935 Sandy earths 85 404 9 914 11 12 SU_COM  
2 802 935 Coloured sands 107 222 7 540 13 7 MANY  
2 802 935 Deep loamy duplexes & earths 123 131 6 345 15 5 PHSUBS 
 
 Zone 
no. 
Area of 
crop zone 
(ha) Broad soil type 
Broad soil 
area (ha) 
Limitations 
(ha) 
Soil type 
in crop 
zone (%) 
Proportion 
of soil 
affected (%) Land quality limitations 
3 1 036 631 Coloured sands 292 044 159 588 28 55 P_PERM  
3 1 036 631 Pale sands 323 344 121 351 31 38 MANY  
3 1 036 631 Pale sands 323 344 83 552 31 26 P_PERM, WA_REP  
3 1 036 631 Pale sands 323 344 59 436 31 18 WA_REP  
3 1 036 631 Ironstone gravelly soils 134 798 48 601 13 36 SU_COM  
3 1 036 631 Coloured sands 292 044 41 653 28 14 PHSUBS  
3 1 036 631 Pale sands 323 344 34 628 31 11 PHSUBS, WA_REP  
3 1 036 631 Deep sandy duplexes 70 530 34 598 7 49 PHSUBS, WA_REP  
3 1 036 631 Coloured sands 292 044 28 198 28 10 SU_COM  
3 1 036 631 Ironstone gravelly soils 134 798 25 667 13 19 WA_STO, P_PERM, 
WA_REP  
3 1 036 631 Coloured sands 292 044 20 220 28 7 P_PERM, WI_ERO  
3 1 036 631 Ironstone gravelly soils 134 798 19 842 13 15 WA_REP  
3 1 036 631 Ironstone gravelly soils 134 798 19 269 13 14 WA_STO, WA_REP  
3 1,036,631 Coloured sands 292,044 16,997 28 6 PHSUBS, SU_COM  
3 1 036 631 Ironstone gravelly soils 134 798 16 126 13 12 MANY  
3 1 036 631 Deep sandy duplexes 70 530 13 288 7 19 PHSUBS, SU_COM  
3 1 036 631 Deep sandy duplexes 70 530 7 710 7 11 MANY  
 
 Zone 
no. 
Area of 
crop zone 
(ha) Broad soil type 
Broad soil 
area (ha) 
Limitations 
(ha) 
Soil type 
in crop 
zone (%) 
Proportion 
of soil 
affected (%) Land quality limitations 
3 1 036 631 Deep sandy duplexes 70 530 3 693 7 5 PHSUBS, PH_TOP, 
SU_COM  
4 5 218 213 Sandy earths 997 815 556 497 19 56 PHSUBS, SU_COM  
4 5 218 213 Sandy earths 997 815 290 822 19 29 PHSUBS, PH_TOP, 
SU_COM  
4 5 218 213 Calcareous loamy earths 416 085 214 278 8 51 PHALKA, SALINE 
4 5 218 213 Clays & shallow loamy 
duplexes 
768 073 205 343 15 27 PHALKA  
4 5 218 213 Ironstone gravelly soils 416 079 203 487 8 49 PHSUBS, PH_TOP, 
SU_COM  
4 5 218 213 Deep loamy duplexes & earths 497 326 148 816 10 30 SU_COM  
4 5 218 213 Alkaline shallow duplex 353 815 135 344 7 38 MANY  
4 5 218 213 Clays & shallow loamy 
duplexes 
768 073 135 214 15 18 MANY  
4 5 218 213 Coloured sands 419 577 129 541 8 31 PHSUBS, SU_COM  
4 5 218 213 Calcareous loamy earths 416 085 126 698 8 30 PHALKA  
4 5 218 213 Deep sandy duplexes 431 175 126 243 8 29 PHSUBS  
4 5 218 213 Clays & shallow loamy 
duplexes 
768 073 110 697 15 14 NOT ARABLE 
4 5 218 213 Sandy earths 997 815 108 534 19 11 SU_COM  
 
 Zone 
no. 
Area of 
crop zone 
(ha) Broad soil type 
Broad soil 
area (ha) 
Limitations 
(ha) 
Soil type 
in crop 
zone (%) 
Proportion 
of soil 
affected (%) Land quality limitations 
4 5 218 213 Coloured sands 419 577 106 365 8 25 P_PERM, PHSUBS, 
WI_ERO  
4 5 218 213 Deep sandy duplexes 431 175 89 022 8 21 PHSUBS, SU_COM  
4 5 218 213 Ironstone gravelly soils 416 079 81 669 8 20 PHSUBS, SU_COM  
4 5 218 213 Deep loamy duplexes & earths 497 326 80 449 10 16 PHSUBS, SU_COM  
4 5 218 213 Clays & shallow loamy 
duplexes 
768 073 76 914 15 10 ROOT_D, WA_STO  
4 5 218 213 Alkaline shallow duplex 353 815 74 962 7 21 WA_REP  
4 5 218 213 Deep loamy duplexes & earths 497 326 72 807 10 15 SALINE  
4 5 218 213 Deep loamy duplexes & earths 497 326 71 219 10 14 PHALKA  
4 5 218 213 Calcareous loamy earths 416 085 66 708 8 16 PHALKA, SALINE, 
WORKAB  
4 5 218 213 Ironstone gravelly soils 416 079 66 472 8 16 PHSUBS  
4 5 218 213 Alkaline shallow duplex 353 815 63 254 7 18 PHALKA  
4 5 218 213 Deep sandy duplexes 431 175 57 363 8 13 WA_STO, PHSUBS  
4 5 218 213 Deep sandy duplexes 431 175 57 230 8 13 SU_COM  
4 5 218 213 Deep loamy duplexes & earths 497 326 55 295 10 11 WORKAB  
4 5 218 213 Deep sandy duplexes 431 175 52 832 8 12 PHSUBS, WA_REP  
4 5 218 213 Clays & shallow loamy 
duplexes 
768 073 51 551 15 7 PHALKA, SALINE  
 
 Zone 
no. 
Area of 
crop zone 
(ha) Broad soil type 
Broad soil 
area (ha) 
Limitations 
(ha) 
Soil type 
in crop 
zone (%) 
Proportion 
of soil 
affected (%) Land quality limitations 
4 5 218 213 Deep loamy duplexes & earths 497 326 46 592 10 9 PHSUBS, ST_DEG, 
SU_COM  
4 5 218 213 Alkaline shallow duplex 353 815 45 107 7 13 PHALKA, WORKAB  
4 5 218 213 Clays & shallow loamy 
duplexes 
768 073 43 979 15 6 ST_DEG  
4 5 218 213 Coloured sands 419 577 41 435 8 10 PHSUBS  
4 5 218 213 Coloured sands 419 577 38 759 8 9 MANY  
4 5 218 213 Coloured sands 419 577 30 067 8 7 P_PERM, PHSUBS, 
SU_COM  
4 5 218 213 Ironstone gravelly soils 416 079 27 504 8 7 SU_COM  
4 5 218 213 Coloured sands 419 577 25 928 8 6 PHSUBS, PH_TOP, 
SU_COM  
4 5 218 213 Ironstone gravelly soils 416 079 23 389 8 6 WA_STO, PHSUBS, 
WA_REP  
4 5 218 213 Coloured sands 419 577 23 340 8 6 P_PERM, PHSUBS  
4 5 218 213 Alkaline shallow duplex 353 815 21 219 7 6 SALINE  
5 550 666 Pale sands 144 836 76 650 26 53 MANY  
5 550 666 Pale sands 144 836 48 717 26 34 PHSUBS, WA_REP  
5 550 666 not cropping soil 46 286 45 406 8 98 NOT ARABLE 
5 550 666 Non-saline seasonally wet 108 934 31 519 20 29 PHSUBS, WA_LOG  
 
 Zone 
no. 
Area of 
crop zone 
(ha) Broad soil type 
Broad soil 
area (ha) 
Limitations 
(ha) 
Soil type 
in crop 
zone (%) 
Proportion 
of soil 
affected (%) Land quality limitations 
5 550 666 Non-saline seasonally wet 108 934 27 583 20 25 MANY  
5 550 666 Ironstone gravelly soils 39 806 25 342 7 64 SU_COM  
5 550 666 Coloured sands 74 686 20 995 14 28 P_PERM  
5 550 666 Deep sandy duplexes 32 333 17 313 6 54 PHSUBS, WA_REP  
5 550 666 Pale sands 144 836 15 676 26 11 PHSUBS, WA_REP, 
WI_ERO  
5 550 666 Coloured sands 74 686 15 241 14 20 PHSUBS, SU_COM  
5 550 666 Coloured sands 74 686 8 685 14 12 PHSUBS  
5 550 666 Non-saline seasonally wet 108 934 8 493 20 8 WA_LOG, WORKAB, 
PHSUBS  
5 550 666 Non-saline seasonally wet 108 934 8 243 20 8 WA_LOG, PHSUBS  
5 550 666 Non-saline seasonally wet 108 934 7 507 20 7 PHSUBS  
5 550 666 Coloured sands 74 686 7 485 14 10 P_PERM, WI_ERO  
5 550 666 Non-saline seasonally wet 108 934 5 462 20 5 WA_LOG, PHSUBS, 
SU_COM  
5 550 666 Coloured sands 74 686 4 825 14 6 P_PERM, PHSUBS, 
SU_COM  
5 550 666 Deep sandy duplexes 32 333 3 927 6 12 PHSUBS  
5 550 666 Ironstone gravelly soils 39 806 3 105 7 8 PH_TOP, PHSUBS, 
SU_COM  
 
 Zone 
no. 
Area of 
crop zone 
(ha) Broad soil type 
Broad soil 
area (ha) 
Limitations 
(ha) 
Soil type 
in crop 
zone (%) 
Proportion 
of soil 
affected (%) Land quality limitations 
5 550 666 Ironstone gravelly soils 39 806 2 778 7 7 MANY  
5 550 666 Deep sandy duplexes 32 333 2 210 6 7 SU_COM  
5 550 666 Deep sandy duplexes 32 333 2 210 6 7 SU_COM  
5 550 666 Ironstone gravelly soils 39 806 2 146 7 5 
PH_TOP, PHSUBS, 
WA_REP  
5 550 666 Deep sandy duplexes 32 333 1 763 6 5 MANY  
5 550 666 Deep sandy duplexes 32 333 1 674 6 5 
FLOODR, PHSUBS, 
WA_REP  
6 1 521 625 Ironstone gravelly soils 554 173 293 092 36 53 SU_COM  
6 1 521 625 Deep loamy duplexes & earths 209 643 87 987 14 42 SU_COM  
6 1 521 625 Ironstone gravelly soils 554 173 74 400 36 13 PHSUBS, SU_COM  
6 1 521 625 Deep sandy duplexes 182 925 51 898 12 28 PHSUBS, WA_REP  
6 1 521 625 Deep sandy duplexes 182 925 50 668 12 28 PHSUBS  
6 1 521 625 Ironstone gravelly soils 554 173 48 031 36 9 WA_REP  
6 1 521 625 Stony soils 113 506 40 807 7 36 WA_STO, PHSUBS  
6 1 521 625 Pale sands 78 997 30 630 5 39 PHSUBS, WA_REP T 
6 1 521 625 Ironstone gravelly soils 554 173 29 367 36 5 MANY  
6 1 521 625 Ironstone gravelly soils 554 173 28 504 36 5 WA_STO, P_PERM, 
WA_REP  
 
 Zone 
no. 
Area of 
crop zone 
(ha) Broad soil type 
Broad soil 
area (ha) 
Limitations 
(ha) 
Soil type 
in crop 
zone (%) 
Proportion 
of soil 
affected (%) Land quality limitations 
6 1 521 625 Ironstone gravelly soils 554 173 28 437 36 5 PHSUBS  
6 1 521 625 Deep loamy duplexes & earths 209 643 26 857 14 13 WORKAB, SU_COM, 
WA_ERO  
6 1 521 625 Pale sands 78 997 25 456 5 32 MANY  
6 1 521 625 Deep sandy duplexes 182 925 23 675 12 13 PHSUBS, SU_COM  
6 1 521 625 Stony soils 113 506 21 874 7 19 WA_STO, PHSUBS, 
ROOT_D  
6 1 521 625 Stony soils 113 506 20 169 7 18 WA_STO  
6 1 521 625 Deep loamy duplexes & earths 209 643 19 308 14 9 WORKAB  
6 1 521 625 Deep sandy duplexes 182 925 18 664 12 10 MANY  
6 1 521 625 Deep loamy duplexes & earths 209 643 17 994 14 9 WORKAB, WA_ERO 
6 1 521 625 Deep loamy duplexes & earths 209 643 17 687 14 8 MANY  
6 1 521 625 Deep sandy duplexes 182 925 17 009 12 9 PHSUBS, PH_TOP, 
WA_REP  
6 1 521 625 Stony soils 113 506 15 264 7 13 WORKAB  
6 1 521 625 Deep loamy duplexes & earths 209 643 13,293 14 6 PHSUBS, SU_COM  
6 1 521 625 Pale sands 78 997 12 237 5 15 WA_REP  
6 1 521 625 Stony soils 113 506 10 169 7 9 WORKAB, WA_ERO  
6 1 521 625 Pale sands 78 997 4 592 5 6 PHSUBS, SU_COM  
 
 Zone 
no. 
Area of 
crop zone 
(ha) Broad soil type 
Broad soil 
area (ha) 
Limitations 
(ha) 
Soil type 
in crop 
zone (%) 
Proportion 
of soil 
affected (%) Land quality limitations 
7 2 419 287 Ironstone gravelly soils 245 621 153 749 10 63 SU_COM  
7 2 419 287 Deep sandy duplexes 690 837 138 715 29 20 PH_TOP, PHSUBS, 
WA_REP  
7 2 419 287 Deep sandy duplexes 690 837 138 707 29 20 PHSUBS  
7 2 419 287 Deep sandy duplexes 690 837 134 979 29 20 MANY  
7 2 419 287 Deep sandy duplexes 690 837 130 563 29 19 PHSUBS, SU_COM  
7 2 419 287 Deep loamy duplexes & earths 240 811 81 473 10 34 SU_COM  
7 2 419 287 Shallow sandy duplexes 198 879 77 488 8 39 ROOT_D, SALINE, 
WA_STO  
7 2 419 287 Sandy earths 154 065 73 743 6 48 SU_COM  
7 2 419 287 Shallow sandy duplexes 198 879 71 026 8 36 PHSUBS, SU_COM  
7 2 419 287 Pale sands 131 269 63 994 5 49 PHSUBS, WA_REP  
7 2 419 287 Deep sandy duplexes 690 837 56 908 29 8 SU_COM  
7 2 419 287 Clays & shallow loamy 
duplexes 
233 777 50 663 10 22 PHSUBS  
7 2 419 287 Pale sands 131 269 48 979 5 37  MANY  
7 2 419 287 Sandy earths 154 065 45 753 6 30 PHSUBS, SU_COM  
7 2 419 287 Deep loamy duplexes & earths 240 811 38 810 10 16 MANY  
7 2 419 287 Clays & shallow loamy 
duplexes 
233 777 38 050 10 16 SALINE  
 
 Zone 
no. 
Area of 
crop zone 
(ha) Broad soil type 
Broad soil 
area (ha) 
Limitations 
(ha) 
Soil type 
in crop 
zone (%) 
Proportion 
of soil 
affected (%) Land quality limitations 
7 2 419 287 Clays & shallow loamy 
duplexes 
233 777 35 695 10 15 ROOT_D, SALINE, 
WA_STO  
7 2 419 287 Deep loamy duplexes & earths 240 811 32 647 10 14 PHSUBS, ST_DEG, 
SU_COM  
7 2 419 287 Ironstone gravelly soils 245 621 31 931 10 13 PHSUBS, SU_COM  
7 2 419 287 Sandy earths 154 065 29 167 6 19 PHSUBS, PH_TOP, 
SU_COM  
7 2 419 287 Deep loamy duplexes & earths 240 811 25 328 10 11 FLOODR, SU_COM  
7 2 419 287 Ironstone gravelly soils 245 621 20 615 10 8 PHSUBS  
7 2 419 287 Clays & shallow loamy 
duplexes 
233 777 18 374 10 8 NOT ARABLE 
7 2 419 287 Shallow sandy duplexes 198 879 18 165 8 9 MANY  
7 2 419 287 Clays & shallow loamy 
duplexes 
233 777 16 544 10 7 ST_DEG  
7 2 419 287 Deep loamy duplexes & earths 240 811 16 157 10 7 WORKAB  
7 2 419 287 Clays & shallow loamy 
duplexes 
233 777 15 529 10 7 MANY  
7 2 419 287 Clays & shallow loamy 
duplexes 
233 777 12 986 10 6 PHSUBS, ST_DEG  
7 2 419 287 Clays & shallow loamy 
duplexes 
233 777 12 735 10 5 PHALKA  
 
 Zone 
no. 
Area of 
crop zone 
(ha) Broad soil type 
Broad soil 
area (ha) 
Limitations 
(ha) 
Soil type 
in crop 
zone (%) 
Proportion 
of soil 
affected (%) Land quality limitations 
7 2 419 287 Ironstone gravelly soils 245 621 12 369 10 5 NOT ARABLE 
7 2 419 287 Shallow sandy duplexes 198 879 12 346 8 6 SALINE  
7 2 419 287 Pale sands 131 269 7 166 5 5 WA_REP  
8 3 294 361 Alkaline shallow duplex 427 136 307 941 13 72 WA_REP  
8 3 294 361 Shallow sandy duplexes 324 255 159 545 10 49 PHSUBS, SU_COM  
8 3 294 361 Deep sandy duplexes 601 466 152 271 18 25 PHSUBS, PH_TOP, 
WA_REP  
8 3 294 361 Deep sandy duplexes 601 466 150 592 18 25 PHSUBS, SU_COM  
8 3 294 361 Saline wet areas 188 556 149 574 6 79 NOT ARABLE 
8 3 294 361 Shallow sandy duplexes 324 255 127 330 10 39 ROOT_D, SALINE, 
WA_STO  
8 3 294 361 Deep sandy duplexes 601 466 115 594 18 19 PHSUBS, WA_REP  
8 3 294 361 Clays & shallow loamy 
duplexes 
440 637 108 031 13 25 MANY  
8 3 294 361 Ironstone gravelly soils 317 065 106 196 10 33 PHSUBS, SU_COM  
8 3 294 361 Deep loamy duplexes & earths 165 861 83 149 5 50 SU_COM  
8 3 294 361 Clays & shallow loamy 
duplexes 
440 637 76 037 13 17 ROOT_D, SALINE, 
WA_STO  
8 3 294 361 Ironstone gravelly soils 317 065 59 031 10 19 PHSUBS  
8 3 294 361 Deep sandy duplexes 601 466 58 114 18 10 PHSUBS  
 
 Zone 
no. 
Area of 
crop zone 
(ha) Broad soil type 
Broad soil 
area (ha) 
Limitations 
(ha) 
Soil type 
in crop 
zone (%) 
Proportion 
of soil 
affected (%) Land quality limitations 
8 3 294 361 Clays & shallow loamy 
duplexes 
440 637 56 949 13 13 PHALKA, SALINE  
8 3 294 361 Ironstone gravelly soils 317 065 54 392 10 17 SU_COM  
8 3 294 361 Deep sandy duplexes 601 466 42 397 18 7 PHSUBS, PH_TOP  
8 3 294 361 Deep sandy duplexes 601 466 41 755 18 7 MANY  
8 3 294 361 Clays & shallow loamy 
duplexes 
440 637 41 190 13 9 SALINE  
8 3 294 361 Clays & shallow loamy 
duplexes 
440 637 41 057 13 9 NOT ARABLE 
8 3 294 361 Alkaline shallow duplex 427 136 40 363 13 9 SALINE, WA_REP  
8 3 294 361 Clays & shallow loamy 
duplexes 
440 637 36 695 13 8 PHALKA  
8 3 294 361 Ironstone gravelly soils 317 065 34 589 10 11 WA_REP  
8 3 294 361 Alkaline shallow duplex 427 136 33 382 13 8 MANY  
8 3 294 361 Deep loamy duplexes & earths 165 861 31 531 5 19 PHALKA  
8 3 294 361 Saline wet areas 188 556 30 125 6 16 SALINE  
8 3 294 361 Alkaline shallow duplex 427 136 22 495 13 5 PHALKA  
8 3 294 361 Deep loamy duplexes & earths 165 861 21 014 5 13 MANY  
8 3 294 361 Ironstone gravelly soils 317 065 20 968 10 7 PHSUBS, PH_TOP  
8 3 294 361 Shallow sandy duplexes 324 255 16 491 10 5 NOT ARABLE 
 
 Zone 
no. 
Area of 
crop zone 
(ha) Broad soil type 
Broad soil 
area (ha) 
Limitations 
(ha) 
Soil type 
in crop 
zone (%) 
Proportion 
of soil 
affected (%) Land quality limitations 
9 610 239 Shallow sandy duplexes 99 713 45 345 16 45 ROOT_D, SALINE, 
WA_STO  
9 610 239 Alkaline shallow duplex 86 389 44 371 14 51 MANY  
9 610 239 Deep sandy duplexes 136 852 39 749 22 29 PHSUBS  
9 610 239 Alkaline shallow duplex 86 389 27 188 14 31 WA_REP  
9 610 239 Deep sandy duplexes 136 852 26 517 22 19 MANY  
9 610 239 Shallow sandy duplexes 99 713 24 974 16 25 PH_TOP, PHSUBS, 
SU_COM  
9 610 239 Deep sandy duplexes 136 852 24 426 22 18 PHSUBS, PH_TOP, 
WA_REP  
9 610 239 Clays & shallow loamy 
duplexes 
101 927 21 100 17 21 ROOT_D, SALINE, 
WA_STO  
9 610 239 Clays & shallow loamy 
duplexes 
101 927 19 077 17 19 PHALKA 
9 610 239 Deep sandy duplexes 136 852 17 924 22 13 PHSUBS, SU_COM  
9 610 239 Clays & shallow loamy 
duplexes 
101 927 17 009 17 17 MANY  
9 610 239 Stony soils 35 520 13 206 6 37 WA_STO  
9 610 239 Deep sandy duplexes 136 852 13 118 22 10 PHSUBS, WA_REP  
 
 Zone 
no. 
Area of 
crop zone 
(ha) Broad soil type 
Broad soil 
area (ha) 
Limitations 
(ha) 
Soil type 
in crop 
zone (%) 
Proportion 
of soil 
affected (%) Land quality limitations 
9 610 239 Clays & shallow loamy 
duplexes 
101 927 12 978 17 13 NOT ARABLE 
9 610 239 Ironstone gravelly soils 38 398 10 532 6 27 SU_COM 
9 610 239 Ironstone gravelly soils 38 398 10 122 6 26 MANY  
9 610 239 Shallow sandy duplexes 99 713 7 683 16 8 MANY  
9 610 239 Clays & shallow loamy 
duplexes 
101 927 7 584 17 7 ST_DEG  
9 610 239 Stony soils 35 520 7 124 6 20 WA_STO, PHSUBS, 
ROOT_D  
9 610 239 Clays & shallow loamy 
duplexes 
101 927 6 962 17 7 SALINE 
9 610 239 Ironstone gravelly soils 38 398 6 409 6 17 WA_REP  
9 610 239 Clays & shallow loamy 
duplexes 
101 927 5 968 17 6 PHSUBS  
9 610 239 Stony soils 35 520 5 882 6 17 WA_STO, PHSUBS  
9 610 239 Ironstone gravelly soils 38 398 5 868 6 15 PHSUBS  
9 610 239 Shallow sandy duplexes 99 713 5 161 16 5 PHSUBS, SU_COM  
9 610 239 Alkaline shallow duplex 86 389 5 123 14 6 SALINE, WA_REP  
9 610 239 Alkaline shallow duplex 86 389 4 450 14 5 PHALKA  
9 610 239 Stony soils 35 520 4 305 6 12 WORKAB, SU_COM  
 
 Zone 
no. 
Area of 
crop zone 
(ha) Broad soil type 
Broad soil 
area (ha) 
Limitations 
(ha) 
Soil type 
in crop 
zone (%) 
Proportion 
of soil 
affected (%) Land quality limitations 
9 610 239 Ironstone gravelly soils 38 398 2 432 6 6 PHSUBS, SU_COM  
10 1 336 295 Deep sandy duplexes 441 422 307 830 33 70 PHSUBS  
10 1 336 295 Pale sands 247 112 162 042 18 66 PHSUBS, WA_REP  
10 1 336 295 Shallow sandy duplexes 177 583 87 510 13 49 ROOT_D, SALINE, 
WA_STO  
10 1 336 295 Pale sands 247 112 59 180 18 24 PHSUBS, WA_REP, 
WI_ERO  
10 1 336 295 Shallow sandy duplexes 177 583 55 466 13 31 MANY  
10 1 336 295 Ironstone gravelly soils 141 170 37 205 11 26 WA_REP  
10 1 336 295 Ironstone gravelly soils 141 170 36 252 11 26 SU_COM  
10 1 336 295 Stony soils 77 791 35 328 6 45 WA_STO  
10 1 336 295 Ironstone gravelly soils 141 170 33 560 11 24 MANY  
10 1 336 295 Deep sandy duplexes 441 422 29 202 33 7 PHALKA, WA_STO  
10 1 336 295 Stony soils 77 791 27 885 6 36 WA_STO, PHSUBS  
10 1 336 295 Shallow sandy duplexes 177 583 24 394 13 14 PHSUBS  
10 1 336 295 Pale sands 247 112 17 788 18 7 MANY  
10 1 336 295 Ironstone gravelly soils 141 170 13 540 11 10 PHSUBS, SU_COM  
10 1 336 295 Ironstone gravelly soils 141 170 10 608 11 8 PHSUBS  
10 1 336 295 Stony soils 77 791 7 787 6 10 NOT ARABLE 
 
 Zone 
no. 
Area of 
crop zone 
(ha) Broad soil type 
Broad soil 
area (ha) 
Limitations 
(ha) 
Soil type 
in crop 
zone (%) 
Proportion 
of soil 
affected (%) Land quality limitations 
10 1 336 295 Stony soils 77 791 4 031 6 5 WORKAB SU_COM  
11 798 342 Alkaline shallow duplex 316 625 315 674 40 100 MANY  
11 798 342 Clays & shallow loamy 
duplexes 
182 855 171 327 23 94 MANY  
11 798 342 Calcareous loamy earths 151 663 151 656 19 100 PHALKA  
11 798 342 Pale sands 48 525 47 366 6 98 PHSUBS, WA_REP, 
WI_ERO  
11 798 342 Non-cropping soil 40 916 40 916 5 100 NOT ARABLE 
 
Identifying soil constraints for wheat in Western Australia 
Table E3 Example showing why broad soil group (Pale sands) has different 
limitations for detailed land units 
Soil 
group 
code 
WA soil 
group 
Soil qualifier 
name Land unit name 
Land quality 
limitations 
for detailed 
land units 
444 Pale deep 
sand 
Acidic sand Poorly drained 
drainage 
depression 
FLOODR, 
PHSUBS  
444 Pale deep 
sand 
Acidic sand Poorly drained flat PHSUBS  
444 Pale deep 
sand 
Acidic sand Slopes 10–15% PHSUBS, 
WORKAB  
444 Pale deep 
sand 
Good sand, deep 
rock substrate 
Blowout WI_ERO  
444 Pale deep 
sand 
Good sand, deep 
rock substrate 
Crests and slopes 
<3% 
PHSUBS, 
WA_REP, 
WI_ERO  
444 Pale deep 
sand 
Good sand, deep 
rock substrate 
Footslopes <3% WA_REP  
444 Pale deep 
sand 
Good sand, deep 
rock substrate 
Long slopes 1–3% PHSUBS, 
WA_REP  
444 Pale deep 
sand 
Good sand, deep 
rock substrate 
Low foredune WI_ERO  
 
 77 
Identifying soil constraints for wheat in Western Australia 
Shortened forms 
Shortened form Full name 
DAFWA Department of Agriculture and Food, Western 
Australia 
ECe electrical conductivity, measured in a saturation 
extract (which accounts for soil texture) 
FAO Food and Agriculture Organization of the United 
Nations 
ha hectare 
mS/m milliSiemens per metre 
pHw pH measured in water 
pHCa pH measured in calcium chloride 
WA Western Australia 
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